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Design Data for Dividing Networks

By the Engineering Department, Aerovox Corporation

ODERN high-fidelity audio sys-

tems make use of separate high-
frequency and low - frequency loud-
speakers. In order to obtain maxi-
mum efficiency from this dual re-
producing arrangement, dividing net-
works are connected between the
amplifier output transformer and the
voice coils of the twecter (high-fre-
quency speaker) and woofer (low-
frequency speaker). These networks
separate the frequency components in
the amplifier output voltage into two
bands, so that only frequencies above
a certain cross-over frequency are
transmitted to the tweeter, and only
those below this cross-frequency are
transmitted to the woofer. Each
speaker thus operates ouly at those
frequencies at which it is most effi-
cient and faithful.

The cross-over frequency is selec-
table at will, but most commercially
available dividing networks operate
at cross-over frequencies of 400 or
800 cycles.

The basic facts concerning prac-
tical dividing networks may be sum-
med up in the following brief com-
ments:

(1) Each such network com-
prises a low-pass and high-
pass filter with their input

circuits connected either in
series or in parallel. The out-
put circuit of the high-pass
filter section feeds the
tweeter; that of the low-pass
filter, the woofer.

At the cross-over frequency,
the high- and low-frequency
power outputs are equal.
With respect to the attenua-
tion at the cross-over fre-
quency, the dividing network
provides 12 db minimum at-
tenuation one octave from
the cross-over frequency.
The constant-resistance type
of dividing network is a
specific form which, when
terminated in the proper re-
sistance load, will offer a
constant input resistance
over a frequency band. The
constant-resistance type net-
work is convenient in some
instances, since each of its
capacitor components are
identical in value, as are also
each of its inductor com-
ponents.

(2)

€))

(4

Circuit diagrams of dividing net-
works are given in Figures 2 and 3,
together with the formulae for ob-
taining the values of their capacitor

and inductor elements. The arrange-
ments shown in Figure 2 are the con-
ventional series- and parallel-con-
nected filter-type networks. Those
given in Figure 3 are constant-resis-
tance networks. In the latter groups,
two of the circuvits (3-A and 3-B) will
provide only about 6 db attenuation
at 1 octave from the cross-over fre-
quency, and should be employed only
in those specific cases where this low
attenuation may be tolerated.

POSITION OF NETWORK IN
AMPLIFIER

The band-separating action of the
dividing network might be obtained
at several points in a conventional
audio amplifier, In standard practice
however, the dividing network is con-
nected almost always between the
secondary winding of the amplifier
output transformer and the loud-
speaker voice coils, as shown in Fig-
ure 1. In this way, one output amp-
lifier stage is made to serve both
loudspeakers.

Each network section must carry
the full power delivered to the loud-
speaker which it supplies. Network
components accordingly must be cap-
able of handling safely these power
levels. At the same time, the resis-
tance of the inductors must be of the
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lowest possible value, consistent with
required inductance, in order to min-
imize insertion losses.

The impedances out of, and into
which the practical dividing network
operates are identical with the rated
voice coil impedance of the speakers.
This is the Ro value that appears in
the formulae.

USE OF THE TABLES

All component values for dividing
networks may be calculated by means
of the formulae given in Figures 2
and 3. However, we are printing here
two tables which list these values
calculated with sufficient accuracy for
critical applications.

Tables I and II list all capacitor
and inductor values required respec-
tively in conventional and constant-
resistance type dividing networks.
These tables are based upon an Ro
value of 10 ohms and a m of 0.6. All
capacitance values are given in micro-
farads and all inductance values in
millihenries, for common cross-over
frequencies every 50 cycles apart
from 100 to 1000 cycles.

When working with systems in
which Rp = 10, all C and L values
may be read in the corresponding fre-
quency column directly from Chart I
for conventional networks, or from
Chart II for the constant-resistance
type. For Rp values other than 10, the
chart values may be operated upon to
yield values required for the new im-
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cross-over frequency by Rx/Rp, and
divide all C values by this same fac-
tor.

As an illustration of the use of the
Rx/Ro factor, consider the following
example: A conventional dividing
network is required to work between
16 ohms at a cross-over frequency of
450 cycles. At 16 ohms, Rx/Ro =
16/10 = 1.6. All L values in the 450-
cycle column of Chart I must be mul-
tiplied by 1.6, and all C values in the
same column must be divided by 1.6:

Cy = 70.76 /1.6 = 44.22 mfd,
Cp= 22.41 /1.5 = 13.19 mfd.
C3= 35.38/1.6 = 22.44 mfd,
Co= 17.69/1.6 = 11.05 mfd.
Cs= 56.61/1.6 = 35.38 mfd
L,= (5.66) 1.6 = 9.056 mh.
L, = (3.54) 1.6 = 5.664 mn,
Ly= (4.77) 1.6 = 2.832 mh.
Ly = (7.08) 1.6 = 11.328 mh,

Ls= (2.24) 1.6 = 3.536 mh.

To find the capacitance and induc-

the 19 frequencies given in the two
charts, first locate the C and L values
in the 100-cycle column, then multi-
ply each of these values by 100 f. If
a different impedance (Rx) as well as
a different frequency (f) is required,
locate both the capacitance and induc-
tance values in the 100-cycle column
of the chart, and multiply the capaci-
tances thus obtained by 1000/(fRx),
and the inductances by (10Rx).’f.
As an illustration of the use of
these last two formulae, consider the
following example: A constant-resis-
tance dividing network is required
with a cross-over frequency of 500
cycles, to work between 16 ohms. The

100-cycle values (Chart II) will be
multiplied thus:

Cqy = 159.45 X 0.425 = {9.39 mfd.

Cp = 225.04 X 0425 = 28.13 mfd.

Cy = 112,52 X 0425 = 14.06 mfd.

Ly = 15.91 X 0.32 = 5,09 mh.

L, = 14.25 X 0.32 = 3,60 mh,

Ly = 22.50 X 0.32 = 7.20 mh,

pedance, thus: for a value (Rx) tance values required at 10 ohms for 1000/(fR,) = 1000/(500 x 16) =0.125
other than Ro (10 ol.lms), multlpl}f all some cross-over frequency (f) in (10R,) /£ = (10x 16) /500 = 0.32 :
L values corresponding to the desired cycles per second. other than one of -
CHART II. Constant-Resistance Dividing Networks ( See Fig.3 )

fe=| 100 150 200 | 250 | 300 ‘ 350 | 400 | 450 500 | 550 | 600 | 650 700 | 750 800 | 850 | 900 | 950 | 1000

C; [159.15(106.15| 79.62 | 63.69| 53,08 | 45.49 | 39,81 | 35.38 | 31.85 [ 28.95 | 26.54 | 24.49 | 22,74 | 21.23 | 19.90 | 418.75 | 17.69 | 16.76 | 15,91

C, |225.04]450.10 [142.58 | 90.06 | 75.05 | 64,32 | 56.29 | 50.03 | 45.03 | 40.93 | 37.53 | 34.63 | 32.15 | 30.02 | 28.14 | 26.51 | 25.01 | 23.69{ 22.50

i 7
Cy [142.52| 75.05| 56.29145.03 | 37.52 | 32.46 28.14]25.01 22.51 | 20.46 | 18.76 | 17.314 | 16.07 | 415.04 | 14.07 | 13.25 | 12.50| 14,84 ! 14.25
|
L, 1599 | 10.64 7.96 | 6.37] 5.34 4,55 | 3.98( 3.54; 3.18 289 2,65 2.45| 2.27 | 2.42] 4.99 14.87 1,77 168 4.59
Y‘ il
Lo 14.25| 7.50| 5.63 4,50‘; 3.75| 3.22| 2.84 } 250 2.25| 2,04 187 4.73| {1.60| 4.50| 1.41 1.32 | 4.251 1,49} 4.12
Ly | 22.50{ 15.00| 11.26 [ 9.00{ 7.50| 6.44| 5.62| 500 | 4.50| 4.08| 3.74 | 3.46 3.20| 3.00| 2,82 | 2.64| 250, 2.38! 2.24
C mfds. L mh Rg 10 f cycles
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CHART I. Conventional Dividing Networks ( See Fig.2)
fc=| 100 | 150 | 200 | 250 | 300 | 350 | 400 | 450 | 500 | 550 | 600 | €50 | 700 | 750 | 800 | 850 | 3CO | 950 |1000
C, |318.5 |212.30{159.24 [127.38 |106.16 | 90.98 | 79.62 | 70.76 | 63.70 | 57.90 | 53.08 | 48.98 | 45.48 | 42.46 | 39.80 | 37.50 | 35.38 | 33.52 | 31.85
C, 99.47| 66.34| 49.76 | 39.81 | 33.17 | 28.43 | 24.88 | 22.11 | 19.91 | 18.09| 16.59 | 15.31 | 14.24 | 13.27 | 12.44 | 11.72 | 11.06 | 10.47 | 9.95
C3 [159.15[106.45 | 79.62 | 63.69 | 53.08| 45.49| 39.81 | 35.38 | 34.85 | 28.95 | 26.54 | 24.49 | 22.74 | 21.23 | 19.90 | 18.75 | 17.69 | 16.76 | 15.94
Cq | 79.57| 53.07| 39.81 | 31.84 | 26.54 | 22.74 | 19.90|17.69 | 15.92 | 14.47 | 13.27 | 12.24 | 11.37 10.64 9.95| 9.37| 8.84| 8.38| 7.96
Cs |254.64(169.84 (127.39 [101.90 | 84.93 | 72.78 | 63.69 | 56.61 | 50.96 | 46.32 | 42.46 | 39.18 | 36.38 | 33.97 | 31.84 | 30.00 | 28.30 | 26.82 | 25.46
Ly | 25.96| 16.98| 12.74| 10.19| B8.49| 7.28| 6.37| 566 | 540 | 4.63| 4.25| 3.92| 3.64| 3.40| 3.18| 3.00| 2.83| 2.68| 2.55
L, | 15.91| 10.64| 7.96| 6.37| 531| 4.55| 3.98| 3.54| 3.48| 2.89| 265 2.45| 2.27| 242 | 1.99] {.87| 4.77; 1.68| 1.59
Ls 7.96| 5.31| 3.98| 348| 2.65| 2.27| 4.99| 4.77| {4.59| 1.45| 4.33| 4.22| 1.44| 1.06|0.995|0.937 | 0.884 (0.838 | 0.796
Le | 31.85) 21.23} 15.92| 12.74| 1062 | 9.09| 796 | 7.08| 6.37| 579 531 | 4.90| 4.55| 4.25| 3.98| 3.75| 3.54| 3.35| 3.8
Lg 9.95| 6.63| 4.98| 3.98| 3.32| 2.84| 249| 2.21 | 4.99] 1.84 | 1.66| 1.53| 4.42| 4.33| 1.24| 447 | 414 1.05 |1 0.995
C mfds. L mh m 0.6 Ry 10 f cycles
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& Ouistanding production equipment in the hands of Aerovox
craftsmen, accounts for these veritable capacitor dreadnaughis
In exacting services such as radio transmitters, heavy-duly
electronic equipment, and in the electric power field, these
units have won citation after citation for exceptional rugged-
ness.

Such ruggedness stems from the Aerovox winding facilities
second to none. Special winding machines insure that the
multi-lavered sections are uniformly and accurately wound
under critically-conirolled tension. Also, a system of impreg-
naifon fanks, pumps and conirol equipmeni guaraniees the
necessary drying after vacuum impregnation that is positively
unexcelled by any impregnation process anywhere.

Hermetically-sealed welded steel containers; heavy-duty
porcelain insulators; cork gaskets and pressure sealing; non-
ferrous metal hardware; silver-soldered joints; sturdy mount-
ing means—these are the externals of these capacitor dread-
naughts. Standard listings of Type 20 up to 50,000 v. D.C.W.
Capacitances from 0.1 to 10 mid.
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